Mutational analysis of the pseudoknot in the tRNA-like structure of turnip yellow mosaic virus RNA. Aminoacylation efficiency and RNA pseudoknot stability.
Site-directed mutations were introduced in the connecting loops and one of the two stem regions of the RNA pseudoknot in the tRNA-like structure of turnip yellow mosaic virus RNA. The kinetic parameters of valylation for each mutated RNA were determined in a cell-free extract from wheat germ. Structure mapping was performed on most mutants with enzymic probes, like RNase T1, nuclease S1 and cobra venom ribonuclease. An insertion of four A residues in the four-membered connecting loop L1 that crosses the deep groove of the pseudoknot reduces aminoacylation efficiency. Deletions up to three nucleotides do not affect aminoacylation or RNA pseudoknot formation. Deletion of the entire loop abolishes aminoacylation. Although elimination of the pseudoknot is presumed, this could not be demonstrated. Unlike the mutations in loop L1, all mutations in the three-membered connecting loop L2 that crosses the shallow groove of the RNA pseudoknot decrease the aminoacylation efficiency considerably. Nonetheless, the RNA pseudoknot is still present in most mutated RNAs. These results indicate that a number of mutations can be introduced in both loops without abolishing aminoacylation. Results obtained with the introduction of mismatches and A.U base-pairs in stem S1 of the pseudoknot, containing three G.C base-pairs in wild-type RNA, indicate that the pseudoknot is only marginally stable. Our estimation of the gain of free energy due to the pseudoknot formation is at most 2.0 kcal/mol. The pseudoknot structure can, however, be stabilized upon binding the valyl-tRNA synthetase.